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General methods
All reagents were purchased from Sigma-Aldrich and used without further purification unless otherwise noted, 7-azabenzonorbornadiene was purchased from Aurora Building Blocks, all oligonucleotides were purchased from Integrated DNA Technologies, Cyp-NHS was synthesized according to the reported method. (1) The TLC plates used for purification were purchased from Agela Technologies (silica 200 × 200 mm, PH = 5, MF = 254, glass back). Other chromatographic purifications were conducted using 40-63 μm silica gel. The microwave reaction was done using a CEM microwave reactor. All mixtures of solvents are given in v/v ratio. 1 H and 13 C NMR spectroscopy were performed on a Jeol NMR at 500 ( 1 H) or 125 ( 13 C) MHz. All 13 C NMR spectra were proton decoupled. Fluorescence measurements were performed on a HORIBA FluoroMax-P spectrophotometer equipped with a single cuvette reader. Oligonucleotide concentrations were measured on a ThermoScientific NanoDrop 2000c UV-Vis Spectrophotometer with absorption wavelength of 260 nm.
Tag synthesis

Synthesis of ABN and ABN-NHS
To a stirred solution of 7-azabenzonorbornadiene, (28.6 mg, 0.2 mmol) in CH2Cl2, TEA (0.03 mL, 0.22 mmol) was added, followed by glutaric anhydride (23 mg, 0.2 mmol). The solution was stirred at room temperature for 1 h to produce ABN, after which N,N'-disuccinimidyl carbonate (51.0 mg, 0.2 mmol) was added. After stirring at room temperature for 30 minutes, the reaction solution was concentrated in vacuo and the residue was purified by preparative TLC (Hex : EtOAc = 1:1) to afford 43.5 mg of ABN-NHS as a colorless solid (63% yield in 2 steps). 86, 168.06, 148.09, 147.88, 144.28, 142.46, 125.43, 125.19, 121.46, 120.49, 65.58, 63.30, 33.01, 32.70, 19 .71. 25, 169.25, 168.54, 167.86, 148.32, 148.12, 144.37, 142.64, 125.42, 125.20, 121.48, 120.58, 65.66, 63.46, 32.10, 30.31, 25.75, 25.75, 19.93 .
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Analysis
HRMS :
HRMS: [M+H]
+ m/z calcd. for [C19H18N2O5Na] + 377.1108, found 377.1109.
Synthesis of tetrazine TzH
To a 10-mL microwave reaction tube equipped with a stir bar, Pd2(dba)3 (0.92mg, 0.001 mmol) and ligands 1,2,3,4,5-pentaphenyl-1′-(di-tert-butylphosphino) (4.63 mg, 0.01 mmol) , and N,N-dicyclohexylmethylamine (0.015 mL, 0.03 mmol) were dissolved in anhydrous DMF (1.5 mL). The reaction was protected with N2 gas and then heated by microwave irradiation (50 °C, 40 min). The reaction solution was cooled to room temperature and EtOAc (20 mL) was added before washing with water (20 mL×3). The organic layer was dried over Na2SO4 and concentrated in vacuo. The residue was purified preparative TLC (Hexanes: DCM = 1:2) to afford pure TzH (3.6 mg, yield 74%) as a dark pink solid.
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Synthesis of pyridazine compound PzH
To a tube equipped with a stirring bar, TzH (2.22 mg, 0.005 mmol), and ABN (1.3 mg, 0.005 mmol), was dissolved in 0.5 mL of CHCl3, the reaction was heating in oil bath at 60 °C for 24 h, when TLC indicated that the reaction had completed. The reaction was concentrated in vacuo and then residue was purified by preparative TLC (CH2Cl2 : 68, 155.91, 155.75, 143.16, 141.20, 136.92, 136.92, 135.52, 135.52, 133.20, 133.20, 131.41, 128.72, 128.72, 128.01, 128.01, 127.14, 126.59, 126.59, 124.14, 121.43, 29.86, 22.36, 22.36, 14.78, 14.75 . (4) (160 mg, 0.5 mmol) was dissolved in CH2Cl2 (15.0 mL) at 0 °C. 2,4-Dimethyl-1H-Pyrrole-3-propanoic acid methyl ester (90 mg, 0.5 mmol) was added followed by the dropwise addition of phosphoryl chloride (0.05 mL, 0.5 mmol). The reaction was stirred overnight at room temperature.
HRMS:
The reaction was then cooled to 0 °C and Et3N (0.69 mL, 5 mmol) was added dropwise followed by BF3• 08, 155.45, 155.09, 142.67, 139.70, 139.56, 138.45, 138.45, 134.81, 131.05, 130.77, 130.06, 130.06, 129.69, 121.35, 94.86, 51.83, 34.22, 19.35, 14.79, 14.68, 12.78, 12.27 . 
Synthesis of the Tz-OMe
To a 10-mL microwave reaction tube equipped with a stir bar, Pd2(dba)3 (0.92mg 0.001 mmol), ligand 1,2,3,4,5- pentaphenyl-1′-(di-tert-butylphosphino) ferrocene (2.1mg 0.003 mmol), tetrazine 1a (1) (2.2 mg, 0.01 mmol), BD-1 (5.3 mg, 0.01 mmol), and N,N-dicyclohexylmethylamine (0.015 mL, 0.03 mmol) were dissolved in anhydrous DMF (1.5 mL). The reaction was protected with N2 gas and then heated by microwave irradiation (50 °C, 40 min).
The reaction solution was cooled to room temperature and EtOAc (20 mL) was added before washing with water (20 mL×3). The organic layer was dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by preparative TLC (Hexanes: DCM = 1:2) to afford pure Tz-OMe (3.55 mg, yield 67%) as a dark pink solid. 15, 166.69, 164.70, 155.49, 155.09, 142.74, 140.30, 139.94, 139.62, 137.23, 135.85, 132.60, 131.17, 130.87, 129.07, 129.07, 128.85, 128.85, 121.85, 121.36, 51.88, 34.29, 29.85, 21.42, 19.43, 14.78, 12.85, 12.26 .
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HRMS:
[M+Na] + m/z calcd. for [C28H29BF2N6O2Na] + 552.2342, found 552.2341.
Synthesis of the Tz-NHS
In a 10-mL reaction tube equipped with a stir bar, Tz-OMe ( 14, 168.73, 167.77, 166.68, 164.71, 156.16, 154.38, 143.24, 140.58, 139.93, 139.52, 137.11, 135.91, 131.41, 130.74, 129.07, 129.07, 128.89, 128.89, 128.20, 121.89, 121.64, 57.54, 31.28, 25.71, 25.59, 21.41, 19.12, 14.83, 12.87, 12 .32. MeOH as mobile phase B. LC gradient are as followed: Compounds were eluted with a 1 minute with 5% MeOH followed by a 15 minutes gradient to 50% MeOH. HPLC traces show 260 nm absorption peaks for detected oligonucleotide species. Reactant (blue) was overlaid with the reaction mixture (red) after completion.
HRMS: [M+H]
Synthesis and characterization of d27'-Tz
S9
ESI-TOF MS of modified oligonucleotides. The original ESI-TOFMS spectrum and deconvoluted mass are shown, respectively. HPLC traces show 260 nm absorption peaks for detected oligonucleotide species. Reactant (blue) was overlaid with the reaction mixture (red) after completion. 
Synthesis and characterization of d27'-ABN
ABN-NHS
Probe and template sequences
Kinetic measurements
A TECAN Genios Pro/384-well multifunction microplate reader was used in the kinetic measurements, and the increase of the fluorescence intensity (excitation at 485 nm) was measured over time. A solution of d27'-Tz and d27'-ABN at 1 µM was reacted with 1 µ M of d27 in a 100 mM Tris-HCl (pH = 7.4) buffer containing 200 mM MgCl2, consistent with previous studies. Measurement commenced immediately upon the addition of d27. All the measurements were done at 25 °C.
The increase in fluorescence intensity over time is shown in Figure S1 (black dots). The fluorescence data was fitted with a one-phase exponential association curve ( Figure S1 , red line) and the observed first order rate constant was determined to be 0.00091 ± 0.00002 s -1 with a t1/2 = 12.7 mins. Figure S1 . Reaction kinetics measurement of 1 µM d27'-Tz with d27'-ABN and d27 in Tris-HCl buffer (pH = 7.4) at 25°C.
Fluorescence turn-on measurements
Fluorescence emission spectra of template driven reaction. Fluorescence scans were done 1.5 hours after without (blue line in Figure 2D ) and with (red line in Figure 2D ) the adding the DNA template. Reaction conditions: 1 µM template d27, 1 µM d27'-Tz, and 1 µM d27'-ABN in 100 mM Tris-HCl, 200 mM MgCl2 buffer (pH = 7.4) at 25 °C. The excitation wavelength used was 480/2 nm. Activation ratios were calculated from the peak emission intensity of the reaction product and the corresponding baseline intensity, and all the intensity data was background subtracted by just buffer.
DNA-templated TMT reaction with turnover
General reaction conditions: In a 500-µl microcentrifuge tube, d21'-Tz and d'21-ABN were added to a 100 mM 
TMT reaction compatibility with biological challenge conditions
Probes d21'-Tz and d21'-ABN were incubated with reactive additives for 7 hours at room temperature. After which, d21 was added so that the final concentration was 1 nM and this solution was further incubated for 5 hours at 37 °C before fluorescence intensity measurements. Fluorescence intensities were normalized to the control reaction lacking a reactive additive.
RNA-templated TMT reaction with turnover
General reaction condition: In a 500-µl microcentrifuge tubes, mir21'-Tz and mir21'-ABN were added to a TrisHCl buffer (pH = 7.4), followed by a NaCl solution. Then the appropriate amount of template mir21 was added. 
Melting temperatures of templates with the oligonucleotide targets
Melting temperature of probes in hybridization buffer were measured using a Beckman-Coulter DU 640 spectrophotometer equipped with a high performance temperature controller and micro auto six-cell holder. USA), 100 U/mL penicillin, and 100 µg/mL streptomycin (PAA Laboratories, Pasching, Austria). Cultures were incubated at 37 °C with 5% CO2 and 95% humidity.
Detection of mir21 in different cell-derived lysates
Lysate Preparation: Cultured cells were grown on a 100 mm plate until 60-90% confluency was reached. They were detached using trypLE TM then washed once with cell media. Cells were then counted with the countess ® ,
followed by centrifugation at 0.7 RCF. The appropriate volume of RIPA buffer was used to resuspended the cells to obtain 1.5x10 6 cells/ml. RNaseOUT was added to a final concentration of 400U/ml to slow RNA degradation.
Cells were kept on ice for 15 min with intermittent vortexing using glass disruption beads. The debris was pelleted by centrifugation and the supernatant was removed. The oligonucleotide probes were added to the supernatant at a final concentration of 100 nM. The solution was incubated at 37 °C for two hours before measuring the fluorescence on a HORIBA FluoroMax-P spectrophotometer.
Live-cell detection of tetrazine-azabenzonorbornadiene probes by microscopy
For imaging experiments 7x10 4 cells were seeded in an 8-well Labtech chamber slide one day prior to the experiment. To transfect the cells, we incubated 8 µl of Lipofectamine ® 2000 in 200 µl Opti-MEM containing 800 nM of tetrazine and azabenzonorbornadiene probes (1:1) . No azabenzonorbornadiene probe addition for negative control reaction. We incubated the probes for 10 min at RT to allow the Lipofectamine-oligo complex to form then we did a 4x dilution using Opti-MEM. The cell media was aspirated and replaced with 200 µl of the newly made Opti-MEM solution and incubated for two hours at 37 °C with 5% CO2 and 95% humidity. The cells were washed three times using PBS with 10% FBS. Images were acquired on an Olympus FV1000 Confocal inverted microscope (Olympus, Tokyo, Japan) with a 63x, 1.40 NA oil immersion objective. Environmental conditions were maintained at 37˚C, and 5% CO2. The BODIPY fluorophore was excited with a 488 nm, 100 mW OPSL laser (green). 
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Time of Flight mass spectrometer (TOFMS) characterization of templated reaction products.
The isoindole product was not detected for TMT reactions, due to its instability, but the reduced 1,3-dihydroisoindole and its hydrolysis product were detected. 
